what is known already: Public funding of IVF assures equality of access to IVF and decreases multiple pregnancies resulting from this treatment. Public IVF programmes usually mandate a predominant SET policy, the most effective approach for reducing the incidence of multiple pregnancies. main results and the role of chance: The number of IVF cycles performed in Quebec increased by 192% after the new policy was implemented. Elective single-embryo transfer was performed in 1.6% of the cycles during Period I (2009), and increased to 31.6% during Period II (2011) (P , 0.001). Although the clinical pregnancy rate per embryo transfer was lower in 2011 than in 2009 (24.9 versus 39.9%, P , 0.001), the multiple pregnancy rate was greatly reduced (6.4 versus 29.4%, P , 0.001). The public IVF programme increased government costs per IVF treatment cycle from CAD$3730 to CAD$4759. Despite increased costs per cycle, the efficiency defined by the cost per live birth, which factored in downstream health costs up to 1 year post delivery, decreased from CAD$49 517 to CAD$43 362 per baby conceived by either fresh and frozen cycles.
Introduction
Through public funding of in vitro fertilization (IVF), governments can assure equality of access to this type of treatment while decreasing the health-care expenses associated with multiple pregnancies, the main drawback of the injudicious use of assisted reproductive technologies (ART). Public IVF programmes usually mandate a predominant singleembryo transfer (SET) policy, the most effective approach for reducing the incidence of multiple pregnancy after ART (ESHRE, 2001) , and the practice of SET has been encouraged through public funding by many countries (Maheshwari et al., 2011) . In Canada, the only province that universally covers the costs of IVF is Quebec . Nonetheless, disagreement persists worldwide on the number of embryos that are safe and appropriate to transfer and on the best way to regulate this decision (Gleicher, 2011; Johnson et al., 2011; Khalaf et al., 2011) .
In Canada, health care is the responsibility of the individual provinces. In the Province of Quebec, until recently, the cost of all IVF procedures was covered by the patient and partially reimbursed as a 50% tax rebate. There was no regulation regarding the number of embryos to transfer or the number of treatment cycles provided to each patient. On 5 August 2010, the Quebec government introduced a public IVF programme, marking the beginning of a new era in the field of ART in the province. The objective was to increase access to IVF and lower the cost of multiple pregnancies from ART, specifically by reducing the proportion of multiple pregnancies resulting from IVF from 30 to 5% (Gouvernement de Québec, 2012) . Under this programme, all costs related to IVF are covered by Quebec's universal health insurance plan. This includes the cost of all medical procedures related to IVF for three stimulated cycles, or up to six modified natural cycles (mnIVF). A cycle counts only when an embryo transfer has been performed. Patients who have excess embryos cryopreserved following an IVF cycle are obliged to have those embryos thawed for transfer before embarking on another ovarian stimulation cycle, but frozen/thawed embryo transfers (FET) do not count against their three attempts. The cost of gonadotrophins is reimbursed according to the individual's public medication insurance plan, which ranges between a 68% and a 100% reimbursement rate; this medication reimbursement plan has not changed since the advent of the public IVF programme. The new policy stipulates that only one embryo may be transferred at a time. However, the law does allow for clinicians to transfer a maximum of two embryos when the woman is 36 years old, and a maximum of three embryos or two blastocysts when the woman is 37 years old or over (Gouvernement de Québec, 2010) .
We previously reported the outcomes of IVF cycles in Quebec in the first 3 months of provincially funded ART . The aim of the present study was 2-fold: to demonstrate that the sharp decrease in the multiple pregnancy rate remained constant into the second year, and to assess the economic effect of full government coverage of IVF treatment in Quebec.
Materials and Methods

Study population
Two periods were compared in our study. Period I included information from all IVF cycles performed in the five centres offering IVF treatment in Quebec during 2009, the year prior to the start of the Quebec public IVF programme. Period II comprises all IVF cycles performed in the same centres during 2011, the first full calendar year of the programme. IVF cycles involving donor oocytes or gestational carriers and mnIVF were excluded. Data were obtained from the Canadian Assisted Reproductive Technologies Register (CARTR). CARTR collects treatment cycle data from Canadian fertility centres that are using ART. Staff at each centre provide information for each IVF cycle initiated. The completely anonymous case records are sent electronically each year to the CARTR coordinating centre, where they are checked for accuracy and completeness .
Stimulation protocol, oocyte retrieval and embryology procedures
As described in our previous evaluation of the first 3 months of the Quebec public IVF programme , each centre applied its own standard protocols for ovarian stimulation and laboratory procedures. Ovarian stimulation protocols, including that of long gonadotrophinreleasing hormone (GnRH) agonist, short GnRH agonist and GnRH antagonist, were selected based on physician preference and patient characteristics. Oocyte retrieval was performed 34.5-36 h after the administration of human chorionic gonadotrophin, according to individual clinic policy. Insemination was performed using standard IVF or intracytoplasmic sperm injection. Embryo culture was performed using standardized procedures in all centres.
Embryo transfer
Embryo transfer was performed in all centres under ultrasound guidance on Day 2, Day 3, or at the blastocyst stage, depending on cycle-specific characteristics. Each clinic applied its own internal policies with respect to embryo quality and selection and regarding the pertinence of transferring more than one embryo. In general, the woman's age, her IVF history and the quality of the embryos were primary factors in a decision to transfer multiple embryos. Embryo quality characteristics were applied when selecting suitable embryos for cryopreservation, based on the clinic's internal protocols. Oocyte and embryo development parameters were strictly applied to eliminate embryos with very low implantation potential.
Modalities of embryo transfer
Elective single-embryo transfer (eSET) refers to the transfer of only one embryo when at least one more embryo was available for cryopreservation at the time of transfer. Non-elective single-embryo transfer (neSET) refers to the transfer of the only embryo available at the time of transfer. Elective double-embryo transfer (eDET) refers to the transfer of two embryos when more than two embryos were available at the time of transfer. Non-elective double-embryo transfer (neDET) refers to the transfer of the only two embryos available at the time of transfer. More than double-embryo transfer (.DET) refers to the transfer of more than two embryos.
Outcomes
Pregnancy was assessed by serum human chorionic gonadotrophin concentration 15 days after oocyte retrieval (≥25 IU) and clinical pregnancy was determined by ultrasonographic evidence of an intrauterine fetal heartbeat between 7 and 8 weeks of gestation. Clinical pregnancies exclude ectopic pregnancies. Multiple pregnancies were defined according to the number of fetuses with a positive heartbeat. Frozen embryos were defined as the number of surplus embryos available for cryopreservation.
Economic analysis of the public IVF programme
A decision-analytic model was developed to assess the economic effect of the introduction of universal IVF coverage in Quebec by comparing the cost implications of the former tax-credit reimbursement system with those of the new public IVF system. The analytic framework for assessing the efficiency of policy changes differs from a cost-effectiveness analysis, which compares alternative treatment interventions among people with similar medical conditions. Policy analyses are methodologically diverse and seek to determine the policy goals and economics of different policy alternatives. Because access to care can be influenced by reimbursement, the populations considered in policy analysis may not be comparable. This is particularly relevant in the analysis described here, as access to the universal coverage of IVF in Quebec increased the demand for fertility services by nearly 200% within the first 12 months. Furthermore, complete reimbursement would likely allow access to women from a lower socioeconomic status who could not previously afford IVF treatment, a group of patients who also have an increased risk of adverse birth outcomes (Blumenshine et al., 2010) .
In order to estimate the downstream costs of treatment related to multiple pregnancies, we projected live birth rates from the clinical pregnancy rates reported to CARTR by the five Quebec clinics providing IVF treatment during 2009 and 2011. Additionally, the number of children born from cryopreserved cycles was determined based on 177 and 670 frozen cycles performed in 2009 and 2011, respectively, adjusted for miscarriages. The median gonadotrophin dose reported in CARTR by the five centres providing IVF treatment in Quebec was used to estimate the ovarian stimulation costs during the years studied. All costs in the model were adjusted to 2012 to compare outcomes based on comparable costs and to be able to interpret efficiency metrics related to the reimbursement policy change. Costs were inflated by 4%, based on current health cost inflation in Canada over the past few years (Canadian Institute for Health Information, 2011).
Our model accounted for costs attributed to multiple pregnancy, preterm labour, preterm birth, neonatal admissions, antenatal care, vaginal and Caesarean delivery, miscarriage, cerebral palsy, neonatal care, and readmission within the first year of life. Probabilities for pregnancy-related events captured in the model are described in Table I . Cost data for each event were obtained from published references in Canada (Canadian Institute for Health Information, 2006; Chuck and Yan, 2009 ).
Statistical analysis
Proportion comparisons were performed by Chi-square test or Fisher exact test when indicated. The Student t-test was used to compare means. A P-value of ,0.05 was considered to be statistically significant. Statistical analysis was performed using the STATA 10.0 software (Stata Corporation, College Station, TX, USA).
Because the data analysed are publicly available through the Canadian Fertility and Andrology Society website and do not include patientspecific information, this study did not require Institutional Review Board approval.
Results
A total of 1875 fresh IVF cycles were performed in Quebec during 2009 and 5489 cycles were performed during 2011, representing an increase of 192%. Characteristics of these cycles are presented in Table II . The proportion of women aged 35-39 was similar in the years studied; however, the proportion of women younger than 35 decreased in 2011, and the proportion of women aged 40 and older increased. The proportion of women experiencing their first IVF cycle was higher in 2009 than in 2011, as was the mean gonadotrophin dose. The proportion of cycles progressing to oocyte retrieval remained constant, while the proportion of cycles achieving embryo transfer decreased. The pregnancy rates were lower in 2011 compared with 2009 for all age categories. After the initiation of the programme, the multiple pregnancy rates decreased to 1/8th of its previous value in women younger than 35, and to less than half its previous value in women aged 35 and older (Table II) .
As shown in Fig. 1 Universal coverage of IVF to 31.6% in 2011 (P , 0.001). The proportions of elective doubleembryo transfer (eDET) and the transfer of more than two embryos (.DET) revealed a sharp decrease in 2011 (P , 0.001). Table III shows the outcomes of frozen/thawed embryo transfer cycles performed in Quebec preceding and following universal IVF coverage. Overall, the proportion of cycles having embryos frozen was similar in both periods; however by age group, it was higher in the two younger age groups during 2011. The mean number of frozen embryos per patient was higher in 2009 compared with 2011, and this applied to all age groups.
In 2009, 177 FET created from fresh cycles were performed, compared with 670 in 2011. The proportion of cycles performed was similar for all age categories. Although the mean number of frozen/ thawed embryos transferred in 2009 was higher than in 2011, the clinical pregnancy rate and the multiple pregnancy rate were similar in both study years.
Economics
The costs to the Quebec government associated with funding IVF increased substantially in the first years of the public IVF programme from CAD$7 million to CAD$26 million (Table IV) . The comparative total cost, which factored in antenatal, birth and complication costs for IVF pregnancies, was CAD$31.4 million for the former partial reimbursement by tax-credit and CAD$49.1 million for universal IVF coverage.
The public IVF programme increased government costs per IVF treatment cycle from CAD $3730 to CAD$4759. The health system efficiency per cycle, which considered all downstream care-related costs, 
Discussion
The Quebec public IVF programme immediately attained the objectives of increasing access to IVF and reducing multiple pregnancy rates. There was a decrease in the proportion of patients having embryo transfer in 2011. In fact, the manner in which patients use up their three insured cycles can influence the decision whether to transfer or not. Under the Quebec public IVF programme, only cycles resulting in an embryo transfer count against the three insured attempts, and therefore, unless a suitable embryo is available, there is always the option of cancelling the embryo transfer. The lower proportion of women with previous IVF cycles among the women receiving treatment in 2009 compared with those receiving the same treatment in 2011 might demonstrate existing barriers in access to ART before the public IVF programme. Unequal access to IVF treatment in Canada is determined mainly by lack of public funding (Nisker, 2008) . In Quebec, the increase in access to IVF after implementing the public programme was mainly achieved through the impact of the elimination of the cost of treatment for all women. Indeed, during 2011, the number of clinics offering IVF treatment, their relative proximity and their opening hours, factors that, along with the cost of treatment, are the main determinants of IVF utilization/access (Collins, 2002) , had been the same before the advent of the public funding.
Because the use of eSET was much greater in the second period, a decrease in the pregnancy rate was seen, especially in younger women.
However, also as consequence of the new SET policy, the rate of embryo cryopreservation was higher in the second period (although this only applied to women under 40), thus permitting more FET in women who did not become pregnant from their fresh embryo transfer. We have already recommended that cumulative pregnancy rates should be the main outcome considered in evaluating the impact of a SET policy (Vélez et al., 2013) . Unfortunately, the Canadian ART register collects information per individual IVF cycle and not longitudinally per patient, preventing the calculation of cumulative pregnancy rates.
There were fewer embryos available for cryopreservation per patient during the second period, which could be explained by a tendency among physicians towards milder ovarian stimulation in recent years. There is a 2-year difference in our study; therefore treating physicians may be stimulating their patients less aggressively than before, especially when only one embryo is transferred, as is suggested by the lower gonadotrophin dose prescribed during 2011 compared with 2009. There was no significant difference in the pregnancy rate per FET, although the mean number of frozen/thawed embryos transferred in 2011 was lower than in 2009. We hypothesize that because only one embryo is transferred in most patients under the new policy, there may be one or more other embryos of equal quality that will be frozen; previously, these better-quality embryos would also have been transferred, leaving only the poorer-quality embryos for freezing. At the present time, no information is available on embryo quality to test this hypothesis.
The reduction of multiple pregnancies was similar to that reported in other countries after the implementation of the public funding of IVF programmes ( Universal coverage of IVF Sundstrom, 2005; Van Landuyt et al., 2006) . This is the result of a judicious policy regarding the number of embryos to transfer. In our case, single-embryo transfer increased significantly after the programme was instituted, and more than two embryos were seldom transferred, supporting the hypothesis that single-embryo transfer is presently the most effective strategy towards reducing multiple pregnancies (ESHRE, 2001) . Over the past 10 years, conventional wisdom in fertility policy has held that the public funding of IVF will finance itself due to the reduction of multiple pregnancies and their high cost to the health system. This fails to account for the prevailing unmet need for IVF treatment that often exists in society and the increase in demand that can occur following such changes in funding. In Quebec, the demand for IVF treatment increased by nearly 200% following the inclusion of the treatment in the universal coverage system. This brought a dramatic increase in cost to the government, as noted above, with the cost per IVF cycle increasing from CAD$3730 to CAD $4759. Although savings were achieved in terms of reduced neonatal care, re-hospitalization and complications, there were also increases in antenatal and delivery costs due to more children being conceived and born by means of IVF treatment.
A better measure of a policy's success can be assessed by estimating efficiency outputs which rationalize costs in relation to the outcomes achieved in alternative policy scenarios. In Quebec, the introduction of universal IVF coverage increased the number of clinical pregnancies and projected live births. The reduced medical cost per cycle and reduced cost per live birth indicate that savings are being achieved with the new public IVF programme. Despite the surge in demand due to the newly available possibility for many to fulfil a previously unmet need, and despite the increased cost of IVF treatment compared with the former tax-credit reimbursement system, the efficiency of the policy to reduce cost per baby has been achieved. The costs described here are likely an underestimate, as they do not factor in many of the longterm costs that can arise from complications. Furthermore, as the emphasis is exclusively on health-care costs, our analysis fails to take into account the long-term contribution that children offer to society, and their contribution to fiscal sustainability (Connolly et al., 2010) .
Increasingly, modelling is used to bridge gaps in available evidence to be able to understand the long-term implications of policy changes and medical treatment practices. In our study, the collection of longitudinal data on patients was not possible due to the privacy and ethical concerns that have prevented the establishment of a central register that reports the outcomes of IVF treatments. Moreover, collecting such information was not feasible in this study, as the cost of collecting primary data related to the recent policy change would have been prohibitively high. In such instances, modelling can be an informative bridge to establish links between ongoing pregnancies and their likely outcomes based on previously reported probability outcomes in comparable populations. To reflect the increased risks associated with IVF-conceived children, we considered probabilities and rates reported in studies conducted in other ART populations. However, in some instances, it was not possible to find data specific to ART-conceived children, and therefore, the cost estimates of our analysis should be viewed as conservative.
It should be stressed that the implementation of a public IVF programme can only be adequately assessed by means of a comprehensive health-surveillance tool. The Canadian ART register was established for the collection of treatment cycle data from fertility centres using ART and is financially supported by voluntary participating ART centres (Gunby, 2012) . Although this register addresses important aspects of IVF, the information needs to be expanded and integrated into a comprehensive health-care monitoring system that includes the follow-up of women treated by ART, and the health of children born after these treatments.
